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[. INTROBUCTION

This preliminary analysis is a further examination of the summertime rain-
fall regimes of Southern Alabama and Northwest Florida (see Smith, [977;
hereafter referred fo as A). Figures are presented which show, for various
prevai ling wind directions, the spacial and temporal frequency distribution
of radar echoes in the subject area. While the figures are based on data
from only a single summer there is supporting evidence which indicates

that the patterns depicted are more-or-less representative of stable regimes.

Earlier analysis (A) has shown considerable variation on a day-to-day
basis in rainfall (radar echo) coverage in National Weather Service (NWS)
forecast zcones in Southern Alabama and the Florida Panhandle (Fig, 1).

It has long been established that, at least in ccastal areas®, the pre-
valling flow has a marked effect on the areal and temporal distribution
of summertime showars., Very near the coast (within about 50 miles) The
interaction and subsequent influence of prevailing flow and land/sea
breezes i35 especially pronounced. A growing body of |iterature establishes
these facts both ohservationally (Mcore, 1963; Frank et al, 1967; Smith,
1970) and with increasingly elaborate numerical models (Estoque, 1962;
McPhaerson, 1970; Pielke, 1974),

Of particular interest for the present investigation are echo frequency
distributions shown by 5Smith {1970} for a portion of Northwest Flerida
bordering on and including part of the present study area. Based on three
yvears of radar data from Apalachicola, the characteristics of the strati-
fied rainfali regimes shown in that study are unmistakably similar to
those which wilil be shown below. By wey of introduction to that work it
was noted that

Among The obvious advantages in the use of radar in studying the

time and space distribution of convective showers are the observations
of echo-producing activity offshore as well as the continucus distri-
bution of echo activity (showers) over land. Such observations are not
otherwise available... Care must be %aken, however, in correlating an
echo observation with a simultaneocus measured rainfall occurrence.
Earfier studies...have shown that factors such as beam width (resolu-
tion), range effects ("over-shooting"} and rainfali intensity con-
tribute to a correlatlion coefficient significantly less than 1.0.

The caution is especially applicable in consideration of the preliminary
nature of fhese results.

*Within about 100 miles of the coast.



2. DATA

Radar data were extracted from hand-drawn hourly overlays prepared by the
staff of the NWS Pensacola, Florlda, WSR-57 site, A gridded overlay,

Fig. 2, consisting of squares roughly 20 nmi on a side was used to digitize
the data. The sample period extended from June | until August 31, 1976,

At three-hour intervals, with intermediate times chosen as required, echo
frequency analyses were made. Prlor To preparation of the freguency analy-
ses, however, each day was classifled accordlng to the prevailing low-
level wind flow, as determined by averaging the Apalachicola |2006GMT wind
at 1000-, 950-, 900- and 850 mb. The [200GMT wind was used to "type'" the
|2-hour periods prior to and subseguent t¢ the wind cobservation. Other
schemes can be easily concelved for typing the wind regime -~ some probably
better than that used -- however, the system chosen was the only one which
presented itself at the tims this study was made. Similar to that used

by Smith (1970), it is considered Yo be adequate for revealing character-
istic echo patterns. The wind, and Thus the day, was categorized by quad-
rants as northerly, easterly, southerly or westerly. |f the average speed
was less than five knots the classification was "light and variable.

Our concern in this study is with characteristic patterns in summertime
rainfall; presumably convectlon dominates and the influence of synoptic
scale features Is at a minimum. Summer is also the season when land/sea
breeze and prevailing flow interactions are at a maximum. The summer of
1976 was below normal in terms of tropical activity in the Gulf (and

along The Gulf Coast) but, as shown in A, rain frequency was normal In the
study area. The latter fact lends further credence to the derived echo
frequency analyses,

3. ECHO FREQUENCIES

The Appendix contains reproductions of working flgures derived for use at
the Birmingham Weather Service Ferecast Office (WSFQ). Each figure shows
the diurnal variation of echo frequency for a specific wind regime, For
compar lson, the Appendix alsc confalns a set of figures from the earlier
anatysis by Smith., Characteristic patterns of each regime are briefly
described befow.

Southerly Days

The predominant feature of this wind regime is the high overall echo fre-
quency, compared with ofther regimes., This Is refated, of course, to the
general ly high melsture content of the Gulf alr mass.

At about 2AM {(all times CDT), the time of minimum activity, there are
only spotty weak maxima offshore (freguencies <20%). Before sunrise
frequencies increase considerably as the iand breeze becomes wel!l estab-

Jished and opposes the prevailing flow ~- resulting in convergence off-
shore. Why echo frequencies are highast south of Mcbile and Pensacota is
not clear, Note in the figure from the ear|ier study, at about the same time

of day, that echoes are most frequent about the same distance offshore.



By 8:35AM relatively high frequencies have begun to shift onshore. This
is too early to be the result of a seabreeze and probably reflects simply
the northward advection of earlier offshore activity. |T Is possible that
the location of maxima northeast of Pensacola and south of Mobile reflect
some single event which contaminates the limited data sample. By 11:35AM
there is no doubt that the seabreeze effect is being seen -- and noticably
far inland as echo frequencies increase considerably. Note the high fre-
quency on the western side of Mobile Bay (possibly over +the Bay).
McPherson (1970) showed that bays along the upper Texas coast produced
similar effects. Further investigation of this small scale feature, with
the cooperafion of the Weather Service Offlce at Mobile, might prove
Interesting. |f our prevailing southerly flow was, in fact, southwesterly
this might explain the tendency for hligher frequencies along the wastern
adge of the Bay.

As early as |1:35AM the frequency maxima are well inland -- over Florida
zones | and 3 (Fig. |). Through the early afternoon the maxima show a
northward progressicon. The southerly regime is one of morning showers

along the coast and afternoon showers infand. Having aided in the rapid
generation of onshore maxima before noon; 1T is doubtful that the seabreeze
can be invoked to explain propagation of showers northward beyond zones |
and 3 later in +he afternoon. Once convection becomes widespread the
thermal forcing of the seabreeze is desiroyed. The steady northward
progression of high frequencies results from diurnal formation and propa-
gation of showers in the moist, unstable southerly flow of this regime.
Note that high frequencies extend well intc southern Alabama. By 5:35PM
frequencies have begun to decrease as extensive convection "self-destructs"
due to reduction of thermal forcing. A similar effect can be seen during
the afternoon in the figures from the earlier study with Apalachicoia data.

The pronounced affernocon maximum which the earlier study revealed over the
Apalachicola "subpeninsula" is evident, but muted, in the Pensacola echo
frequency analyses, Range effects may be 1o blame. The maximum arises
from confluence of the seabreezes along the coasts which extend northeast
and northwest from Apalachicola (see the "|ight and variable" figures from
the Apatachicola study),

After 5:35PM, and by 8:35PM, there is a fotal "collapse" of activity with
onty a weak maximum persisting near and north of Mobile. This maximum
may be related to the predawn offshore maxlmum and be only a fransient
feature of no statistical significance. [+ is possible, however, that it
represents a very real effect -- residual shower activity over tha rivers
and marshes extending northward from Mobile Bay. Again, further study of
this possible local effect might prove rewarding.

By [1:35PM almost all activity, in the mean, has ended over {and and the
offshore maximum near Mobile can be seen. |t may be that an offshore
"hot spot" exists in that area of seemingly preferred development. Infra-

red satellite Imagery might detect such a feature.



Light and Variable Days

This frequent rogime Is dlscussed next because of its contrast with the
southerly regime. As with southerly days the overa!l minimum of activity
occurs in the hours after midnight. UUntil about 8:00AM the weak offshore
maxima are similar to southerly days except that there is no indication

of the "hot spot" south of Mobile -- suggesting that such does not actually
exist, at least as a stable feature. The activity offshore at 8:35AM is
praobably too far offshore to reflect the relatively weak land breeze.

It is more likely an effect of warmer offshore water.

Basically, the light and variable regime represents days as moist and
unstable as those with southerly flow; this is reflected by similar maxi-
mum echo frequencies. The location of echoes, however, becomes strikingly
different after daytime heating begins, Notice the great difference
between echo frequency distributions at |1:35AM for these two wind regimes.
On light and variable days the nocturnal showers have dissipated offshore
but heating of the land has not yet induced showers. At the same time,
seabreezoe~induced showers are (In the mean) well underway on southertly

ftow days. -

There Is a drastic one-hour changs betwsen ||:35AM and |2:35PM under the
fight and variable reglme: high scho frequencies develop all along the
coast. There is even a suggestion of a relative minimum between Panama
City and Apalachicola Induced possibly by the sllightly concave ccastlline,
The ccoastal maxima persist nearty all afternoon. Notice that until 5:35PM
the coastal Florida zones, 2 and 4, have decldediy higher echo frequencles
than the inland zones. |n marked contrast to the southerly regime the
Alabama and Inland Florida zones show echo frequencies no greater than

20 to 30%. Apparently when the prevailing flow is (ight and variable the
seabreeze penetrates inland no farther than the coastal zones.

Again, netice the rapid decrease in echo frequencies between 5:35 and 8:35PM.
As with southerly days a relative maximum persists beyond 8:35PM northeast
of Moblle, lending support to the ldea that this is a real feature.

Northerly Days

The signlflcance of the frequency analyses for this regime is somewhat
doubtful. Northerly winds are not uncommon in the study area in the summer
(although too few such days occurred during the Apaiachicola study to

even form a regime) but it is felt they represent days with significant
synoptic scale contamination of the typical summer rainfall patterns. Thus,
the echo frequency patterns presented in the Appendix are somewhat noisy.

For northerly days the freguency distributions are similar to the |ight and
variable days although overall maxima are somewhat |ess -- o he expected,
perhaps, because of the drier northerly air mass. There is a minimum in
activity between midnight and dawn. Even the early morning offshore maxima
are absent. This should ba expected since, superimposed on the landbreeze,
the northerly prevailing flow induces diverdgence offshore.



We cannot fully analyze the interaction of the prevalling fiow and the sea-
breeze from echo frequency analyses alone but there (s a strong tendency

to conclude from the 12:35PM frequency distribution that in the mean a
northerly flow retards the onset of the seabreeze until after noon. Compare
the significantly higher frequencies at |2:35PM when the prevailing flow

is light and variable. By 1:35PM, and for the remainder of the afternoon,
northerly and light and variable regimes exhibit simifar frequency distri-
butions., While northerly winds seem fo hold higher frequencies near the
coast there is considerable "nolse'", with maxima occurring weil north in

southern Alabama.

The usual diurnal effect is seen with frequencies decreasing rapidly after
5:35PM. Inferestingly, as late as 8:35PM frequencies remain around 20-25%
over the Panhandle and there is again a tendency for a maximum near and
northeast of Mobile.

Westerly Days

Because the coastline In the study area lacks large and wel [-defined
irregularities such as the subpeninsuia extending north of Apalachlicola,
classical seabreeze/prevailing flow interactions are difficult to identify
with easterly and westerly prevailing winds. These regimes, with flow
basically parallel to the ccast, result in guite dlfferent frequency pat-
terns. Each exhibifs characterlstics of both moist southerly flow and the
light and variable regime.

Under the westerly regime overnight frequencies are very low. By 5:35PM,
however, and continuing through the morning hours, a significant offshore
maximum appears -- a larger area of relatively high eche frequencies than
is seen under any other regime. Westerly winds (perhaps more neariy south-
westerly in the mean) arrive in the study area after a considerable over-
water trajectory. |t is not surprising that the morning activity affshore
closely resembles That of southerly days,

The figures from the earlier Apalachicola study clearly show patterns of
echo formation along the windward coast before dawn {(prevailing flow opposes
the tandbreerze) and echo formation along the leeward coast late in the
morning (prevaillng flow opposes The seabreeze). The Pensacola data do

not reveal these features under the westeriy regime. Rather, sometime
shertly after noon high echo frequencles appear onshore -- with echoas
more-or-less equaliy likely all along the coast. As with |ight and

variable winds, echoas do not penetrate very far inland.

Surprisingly, there is a drastic decrease in echo frequencies between
2:35PM and 5:35PM. Such a sudden change, so early, Is not seen under any
other wind regime and its cause is somewhat of a mystery. |t is possible
that the echoes which produce the high freguencies east of Pensacola are
merely advected eastward, beyond range of our figures, while further develop=~
ment is retarded in those areas where showers previously formed. Under
tight and variable wind conditions showers persist in the vicinity of
Pensacola at 5:35PM while there is only a hint of such activity under the
westerly reglme. Perhaps showers in a light and variablie regime are sig-
nificantly different, and more steady-state, than showers or Thunderstorms
which form under stronger prevailing winds.

-5-



Easterly Days

In the mean, easterly prevailing winds represent the driest regime over
the study area -- at least the sample data:are characterized by the |owest
overall echo frequencies. The general suppression of echo activity prob-
ably results from the anticyclonic circulation which exists In the mean
over the study area when easteriy winds prevall,

As with westerly prevailing flow, significant onshcre echo activity does
not begin with easteriy winds unt![ after noon. Notice, however, between
2:35 and 5:35PM a tendency for high echo frequencies along the leeward
coast which extends northwestward from Apalachicola. This was shown in

the earlier radar study tc be a preferred area for shower development under
simitar conditions. Echo activity [s more persistent In this arsa when

the winds are easterly than when they are westerly. All-in-all, however,
echo frequencies are quite low over the study area throughout the day.

The relatively high frequencies northeast of Moblie in the later after-
ncon and =sarly evering are, again, not fully understood. A comparison of
echo frequency analyses at 8:35PM for each regime shows a similar feature.

4, CONCLUSI[ON

The analyses presented were based on radar data from a single summer, |t
may be argued that such a sample is insufficient for meaningful analysis,
but agalin these results are identified as being preliminary. It was

considered that sufficient corroborating data exist -- both theoretical
and chservational -- fo warrant a cicse [ook at even Tthis single summer
season, Addltlonal observations are being collected which will be incor-

porated in future analyses.

Aside from errors which crept into the analyses by way of the large grid
and hand-digitizing procedure, not every echo the radar sees results in
measurable rain at the ground -- and vice versa. Even as more sophisti-
cated techniques are being developed to make the radar an accurate rain-
gage, it is Increasingly obvious that significant problems ramain to be
overcome, Radar (s still, however, the most practical means of determining
the spacial distribution of rainfall over targe areas in real time -- as
such it yields an excellent approximation even through crude procedures
such as employed here, |f better techniques are available they should

be put fo immediate use (and published),

The patterns presented of spacial and Temporal distribution of summertime
rainfall over southern Alabama and Northwest Florida appear, in general,
to be both realistic and stable in the mean. It is hoped that the
figures will find practical application in day-to-day forecast procedures.

NOTE: Kevin Henderson, a high school junior, was a student aide at the
WSFO, Birmingham, during the schoo! year [976-1977.
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Figure 2. Gridded overlay used to digitize the Pensacola radar data,
Grid squares are roughly 20 ami on a side.



APPENDIX

Figures show the frequence of occurrence of radar echoes at
various times of the day. Hand=drawn overlays were digitized
using a grid of roughly 20 nmi squares. Data were stratified
according to the prevailing wind reglme with the following
breakdown during the study period (summer of [976):

Southerly.cvievevieieiinees .. 18 days
Light and Variable..... veeews 14 days
NOFThEr 1Y e v userrerneennnrs ... 14 days
Easterly........ e e [5 days
Westerly.oiiievervennans vae a3 days

Alsc shown for comparison are echo frequencies from a study
by Smith (1970) which utlillzed radar data from Apalachicola
for a pertod of three summers.
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